In services, the activities of foreign affiliates often exceed the value of cross-border trade. A complete analysis of services liberalisation therefore requires the modelling of FDI. This paper presents the treatment of FDI in our CGE model WorldScan based on the ideas of Petri (1997) and Markusen (2002) . They assume that firms establishing affiliates abroad also transfer firmspecific knowledge. Consequently, capital and products differ from existing capital and products in the host country. As an illustration, we apply this model to assess the proposals of the European Commission to open up services markets. FDI in services could increase by 20% to 35%. However, the overall economic impact is limited. Our assessment suggests that GDP in the EU25 could increase up to 0.4%. These effects could be up to 0.8% higher if foreign capital also increases the overall productivity of the services sector. 
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Summary
Foreign direct investment (FDI) in services is often more important to supply foreign markets than cross border trade. In spite of the importance of FDI the general equilibrium effects of FDI flows are not widely examined in computational general equilibrium (CGE) models. This paper overviews the related literature and finds that existing work is often hampered by the modelling complexities involved and by the lack of good data.
In this paper we step over these barriers and model FDI in WorldScan: CPB's computational general equilibrium model for the world economy. In a previous study, we have already created an inward FDI stock data base by home country and by sector. With this data base we can overcome some of the previous data limitations. The modelling work is based on the ideas of Petri (1197) and Markusen (2002) who assume that a firm establishing an affiliate abroad also transfers firm-specific knowledge to that affiliate. This assumption implies that capital is more substitutable between countries within a specific sector than between sectors within a country.
FDI is often hampered by barriers. These restrictions are still prevalent in many developing countries and in network industries in developed economies. In Europe FDI flows between members states is often held back by national requirements and regulations. These barriers are not always discriminatory per se but increase the costs of establishing a foreign affiliate, since the requirements and regulations are different from country to country. An important objective of the European Commission is to reduce these regulatory barriers and the heterogeneity of requirements between member states. To achieve this aim they have launched the Services Directive.
As an application of our modelling of FDI in WorldScan we analyse the economic effects of increased FDI flows induced by the Services Directive in the European Union (EU). In order to conduct this simulation we have estimated FDI barriers. These barriers are modelled as a tax equivalent in the country receiving FDI flows and this tax can differ between countries. In our
Introduction 2
Foreign direct investment (FDI) in services is often more important to supply foreign markets than cross border trade. In spite of the importance of FDI 3 , in particular in commercial services sectors, theories and empirics on trade are much further developed than on FDI. Moreover, researchers have developed large-scale computational general equilibrium (CGE) models to analyse trade policies. These models are based on microeconomic theory, equilibrium mechanisms, and the forward and backward linkages between various inputs and output markets. 4 On the other hand, the general equilibrium effects of FDI flows are not widely examined in CGE models. 5 However, in analysing trade liberalisation policies, the role of foreign direct investment becomes increasingly important. Trade through foreign commercial presence is much more important than cross-border trade in services (Karsenty, 2000) . Recently some economists have conducted research on the microeconomic underpinnings of FDI and have tried to incorporate this in general equilibrium models. The work of Markusen (2002) is leading. He has developed theories of the behaviour of multinationals in their decisions to service foreign markets by exports or commercial presence. His microeconomic perspective fits into the origins of CGE models. Some others have incorporated these theories in CGE models. Examples are the FTAP model , Rutherford and his co-authors with several models (Markusen et al., 2005; Rutherford et al., 2005) , and a version of the Michigan model (Brown and Stern, 2001 ).
The main objective of this paper is to present our modelling of FDI in WorldScan: CPB's computational general equilibrium model for the world economy. The modelling work is based on the ideas of Petri (1997) and Markusen (2002) who assume that a firm establishing an affiliate abroad also transfers firm-specific knowledge to that affiliate. This assumption implies that capital is more substitutable between countries within a specific sector than between sectors within a country.
Because FDI flows have different effects on the various sectors in the economy, and affect input and output markets, CGE models are a suitable tool for analysing FDI. The relevance of FDI differs per sector. In some sectors foreign presence is relatively more important to serve foreign markets than in other sectors. An example is business services, where the needed proximity between consumers and producers, requires foreign presence instead of cross border trade.
Moreover, policy proposals to facilitate FDI are quite often sector specific and not generic.
Examples are the proposed Services Directive by the European Commission, and the GATS proposals to liberalise services trade by the WTO members.
Foreign affiliates also compete with domestic firms at their home market, not only on output the effects of productivity differences between foreign and domestic capital.
Our application is based on the previous work by Kox et al. (2004) Services markets in Europe are fragmented. Not only because the diversity in services is large, but also because it is difficult for service providers to supply foreign markets by exporting or setting up a foreign establishment. The main reason is that every country has its own regulation and regulation acts as a barrier, explicitly or implicitly. A service provider has to comply with the regulation of another country, and these regulations can differ from those regulations he already complies with in his own home-country. Thus, FDI barriers have two dimensions: the level of regulation in each country and the inter-country heterogeneity in regulation. In this paper, FDI barriers are taken from Kox et al. (2004) . Service providers have to accept these barriers because countries have their own autonomy, but for EU countries aiming at the free movement of services this is hardly acceptable. Therefore the European Commission (2004) has proposed the Services Directive in order to stimulate bilateral trade and direct investment in commercial services; although it excludes transport and financial services.
Section 2 presents an overview of the literature of CGE models on services liberalization with FDI. Section 3 presents WorldScan. Section 4 discusses the modelling of FDI within WorldScan, which includes the new treatment for the demand and supply of capital, and the inclusion of barriers to investing abroad. Productivity differences between domestic and foreign capital are highlighted in Section 5. This section also presents the modelling of these productivity differences. Section 6 describes the economic results of simulating the FDI induced effects of the Services Directive. Section 7 concludes.
Empirical review of FDI in CGE models
Some CGE models have incorporated FDI to assess the impact of FDI flows related to services trade liberalization. Lejour and Rojas-Romagosa (2006) present an overview of these models and simulation outcomes. This section presents their main results.
The FTAP and Michigan models are based on the ideas of Petri (1997) . He distinguishes activities of domestic and foreign-owned firms. He models production linkages between the headquarter and the foreign plant. The plant uses factor inputs, intermediate inputs and inputs from the headquarter. Consumer demand is not only differentiated by the place of production (standard Armington), but also by the country of ownership. This allows for the possibility that even foreign varieties in non-tradable sectors are consumed.
FTAP contains four types of trade barriers. It distinguishes barriers to commercial presence (primarily through FDI) from barriers to other modes of service delivery; and additionally, it distinguishes non-discriminatory barriers to market access from discriminatory restrictions on national treatment. Moreover, these services trade barriers create rents that are assigned to different agents. A key result of their simulation is that the rents associated with services barriers are substantial. Finally, it is important to note that in the FTAP model the production structure and productivity levels are equal for domestic and multinational firms. Dee and Hanslow (2000) A common feature of all these models is that the welfare gains derived by increased FDI related to services liberalization are strongly associated with the net inflow of FDI. Countries that experience a net positive inflow are likely to increase GDP and social welfare. This fact can explain why the GDP gain for EU countries with relatively small net inflows is not significant.
Without an increase in the total stock of capital, which can in turn produce a significant net positive FDI inflow for must EU countries, it appears that the GDP effects of increased FDI flows due to services liberalization tend to be small.
In addition, the inclusion of imperfect competition is also a common feature of the CGE models that explicitly account for FDI flows. However, the welfare effects do not seem to be directly related to the economies of scale, nor the positive effects of an increased number of varieties in consumption and production.
Another issue that affects the welfare results is how the FDI barriers are modelled.
Generally, there are two approaches. One is to associate the revenue from the foreign capital tax with the domestic rents generated by services barriers. The second option is to assign this tax revenue as an iceberg costs on FDI; consequently, the removal of the tax will not diminish the rents and welfare of domestic agents.
Finally, another mechanism that can introduce significant welfare effects will be to model domestic and multinational firms with different cost structures and productivity levels. This approach will closely follow the theoretical work of Markusen (2002) Consumers demand the various goods and services, and provide labour and capital to the firms. They consume goods and services in different proportions, depending on their prices and the income elasticities of these goods and services. We assume that the supply of labour is exogenous. Because consumers save part of their income, they are able to supply capital to firms in return for non-wage income. Savings depend on income growth and demographic characteristics. In the OECD countries, demography mainly concerns ageing within the population, which reduces savings.
Consumers own the capital stock, which is used for production by firms. Equilibrium between the supply and demand of capital determines the user price of capital. 7 In contrast to the labour market, regional capital markets are assumed to be linked to each other. So if capital is abundant in one region (and thus is relatively inexpensive), it is invested in another region in which capital is scarce (relatively expensive). However, there are some barriers to investing abroad. Therefore, interregional capital mobility reduces, but does not eliminate, capital price differentials between regions. In the latter case we would have one global capital market.
The regional goods and services markets are linked to each other. Not only the home market, but also foreign markets determine demand for a good. Each region produces a different variety of that good. Because we distinguish 23 regions, there are 23 varieties for each of the 9 sectoral goods. In principle, consumers and producers demand all these different varieties. The demand for each of the varieties depends on its relative price, the substitution possibilities between the varieties, transportation costs, trade barriers and preferences for the variety. If the price of a particular variety goes up, demand will decrease in favour of other varieties. Hence, total demand for each variety depends on the demand at the home and foreign markets. The allocation of total wealth in a region over sectors and other regions takes place in two steps. 9 In the first step, the wealth of a region is allocated across sectors as a function of the relative rate of return on capital per sector. In the second step, the region of origin distributes the sectoral capital stocks across the regions of destination. The allocation of capital across sectors is located at the upper level of the decision tree, thereby inducing that capital flows are less sensitive to differences in rate of return across sectors than across regions. This decision structure captures the idea that FDI knowledge capital will often be sector specific (Markusen, 2002) . and the net total rate of return to capital for the region of origin:
From equation (4.2) the interpretation of the elasticity of transformation becomes apparent, i.e. the relative change in the volume of the capital stock per sector in response to a relative change in the net rate of return on capital in that sector. Two extreme cases can be distinguished: for S ω approaching infinity, capital mobility is perfect with an economy-wide uniform rate of return and for S ω approaching zero, capital mobility is lacking, i.e. sector-specific capital with sector-specific rates of return. By specifying a positive number for the elasticity of transformation, imperfect capital mobility is assumed. Higher values for S ω imply more capital mobility, i.e. capital allocation will be more sensitive to differences in the net rate of return.
At the second level, the sectoral capital stock of the region of origin is allocated across the regions of destination. The maximization problem of this level is a variation on equations (4.1):
10 Note that the CET function generally implies a loss in capital stock due to the allocation over sectors, i.e. and the net rate of return to capital for the region of origin per sector:
FDI liberalization in our model is implemented as a reduction of the tax on capital returns (i.e. a rise in the return on capital in the region of destination). Given the specified two-level CETfunction, the higher rate of return on capital will result in a higher supply of capital to that region. The magnitude of the response depends on the elasticities of transformation.
The net foreign income of a region r is defined by the net reward for capital services:
with r denoting the net rate of return on capital corrected for depreciation.
The specification of the parameters
The preference parameters of the CET functions are calibrated on FDI-stock data. 12 Inverting equations (4.2) and (4.5) to the preference parameters and enforcing a unit adding up constraint for parameters, we obtain:
11 In general, the preference parameter for capital originating from the home region will be close to 1, which reflects the home bias of international capital flows. 12 Van describe the construction of the bilateral FDI stock data by sector, mainly based on OECD statistics. No compelling information can be found in the empirical literature on the values of the transformation elasticities. Therefore, WorldScan follows the specification of other CGEmodels used for the study of FDI liberalization. Therefore, the results of our study are comparable with the rest of the literature. Table 4 .1 gives the elasticities of capital transformation used in the FTAP-model (Hanslow et al., 1999) , the DART-model (Springer, 1998) and the model of Lee and van der Mensbrugghe (2001) . In line with these values, WorldScan assumes a sectoral elasticity of transformation equal to 3 and a regional elasticity of transformation equal to 5. 
Demand for capital
Firms demand capital to produce goods and services. The input of capital in production is specified as a two-level CES-function. Figure 4 .2 depicts the capital input part of the production function graphically. On the highest level of the production tree, domestic capital is distinguished from foreign capital. In production, both types of capital are aggregated by a CES-function to one input factor capital. For this CES-function the elasticity of substitution is assumed to be 4, in accordance with the DART-model (Springer, 1998) . 13 In the case of reducing the user costs of foreign capital (Services Directive), the demand for domestic capital is reduced in favour of foreign capital because capital from other EU countries becomes relatively cheaper.
On the lowest production level, foreign capital from Europe is distinguished from nonEuropean capital. A substitution parameter of 2 is assumed for this particular CES-function. 
Clearance of the capital markets
In the previous sections, the supply and demand equations are specified. Based on these equations, the clearance of the capital markets can be formulated. For every region-sector combination three capital markets exist: a market for domestic capital, 
Tariff equivalent measures
Heterogeneity in regulation between regions is an impediment to FDI flows. The proposed EUdirective lowers intra-EU heterogeneity in product market regulation for services. In the The revenues of this tax rate are returned in a lump-sum fashion to the households of the region using the capital for production:
The tariff equivalent measures are calibrated on data for the expected increase in FDI stock due to the Services Directive, as documented in Kox et al. (2004) . In an empirical analysis they related the size of bilateral FDI stocks to the level of FDI restrictions and heterogeneity in regulations between the home and host country. The statistical significant results are used to assess the effect of the Services Directive, aimed at reducing the level of FDI restriction and heterogeneity in regulations, on the bilateral FDI stocks.
Productivity of foreign capital
Replacing domestic capital with foreign capital can raise production output through two channels. 16 First, assuming the existence of separate domestic and foreign firms, productivity differences between these two types of firms may exist. On average, foreign firms are more productive than domestic firms and a shift to more foreign capital will therefore logically raise total output. Second, the higher level of FDI related knowledge will not only remain within the firm, but will spill over to other firms as well. For instance, competition will force domestic firms to raise their standards and quality as well.
A review of the empirical studies about productivity differences between domestic and foreign firms reveals mixed results: a large bandwidth of productivity differences is found (Rojas-Romagosa, 2006) . Often the productivity differences are a composition effect. The foreign firms are on average bigger and more productive than the average domestic firm, but corrected for size the productivity differences are much smaller or negligible. In addition foreign multinationals often acquire the most productive domestic firms (cherry picking).
A straightforward way to incorporate separate domestic and foreign firms in the WorldScan model would be to specify two different production functions, as in other CGE models. The production function of the domestic firm would have domestic capital and labour as inputs and a numeraire for Total Factor Productivity (TFP) levels, while the production function of the foreign firm would have foreign capital and (domestic) labour as inputs and a higher TFP level compared with the numeraire TFP level. The value for this TFP level of the foreign firm should be derived from empirical studies.
However, WorldScan assumes a hybrid firm using both domestic and foreign capital for two reasons. The first is that we do not have meaningful data to discriminate the production functions for domestic and foreign capital. Most other models therefore assume similar production functions. The second is that it expands the dimensions of the model substantially, while this expansion does not give much additional insights in our view. Other models have to restrict the number of sectors to cope with the larger dimension introduced by foreign capital.
The only meaningful interpretation of productivity differences in the context of a hybrid firm is the difference in marginal productivity between domestic and foreign capital. However, marginal capital productivity differs too much from the productivity definitions used in the empirical literature, to allow for a meaningful conversion of the estimated parameters.
As a result of all the difficulties mentioned above, we decided to model the productivity effect of additional foreign capital in the form of externalities. Benczúr et al. (2003) describe a model for the Hungarian economy, which contains a production function with foreign capital externalities and is closely related to the WorldScan production function:
with y denoting the production output, g a general homogenous production function of degree one, l labour supply, capital is divided by total capital in order to avoid scaling effects (otherwise larger regions would get higher productivity gains). A higher FDI intensity, i.e. foreign owned capital divided by total capital, raises the TFP level.
A direct implication of equations 5.2 is a higher impact of FDI shocks for regions with a higher FDI intensity. Countries like The Netherlands, Belgium, Luxemburg, and Ireland will benefit relatively more from FDI liberalisation, given an identical FDI shock (see Table 6 .1).
We have implemented this production function with TFP externalities in WorldScan to assess the productivity effects associated with foreign establishments. Following a review of the empirical literature on the productivity effects of FDI inflows, we take a value of 1.09 for gamma (Keller and Yeaple, 2003 ).
An important conclusion of this literature is that the productivity impact of FDI inflows in the host country is conditional on the absorptive capacity of domestic firms. The evidence suggests a positive relationship between the development level of the country and the productivity impact of FDI inflows. The study by Keller and Yeaple is based on data for the United States, and to be consistent with the evidence on absorptive capacity, we assume that this gamma value of 1.09 is an upper bound for these productivity effects.
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As an illustration, in the study of Benczúr et al. (2003) b Value of exports and imports in other commercial services expressed billions US$ (includes intra-EU trade).
c Share of exports in production in other commercial services.
d Specialization is characterised by the Balassa index. The index compares the share of other commercial services in total exports in a country towards that share in the world economy. If the index exceeds 100 , a country is relatively specialized in exporting other commercial services. e Share of the foreign capital stock (owned by other EU member sates or non-EU countries) in the total capital stock in the sector other commercial services.
Benchmark scenario
The benchmark scenario assumes increases in bilateral intra-EU FDI stocks according to the lower bound increase of Kox et al. (2004) . The average increase in FDI stocks is thus 20%. The increase in FDI stocks is simulated in WorldScan by lowering the taxes on capital, see equation (4.11). In the benchmark scenario we assume that these taxes generate revenues for the host country. Furthermore, we assume that extra foreign capital does not generate extra productivity. Section 0 relaxes these last two assumptions and discusses also the results of the upper bound scenario.
This subsection presents first the results of calibrating the tax equivalents and the impact of eliminating these tax equivalents on the user costs of capital. Then we discuss the effects on the demand for domestic and foreign capital and output in other commercial services. Finally, the macroeconomic effects are presented.
The increase in FDI flows due to Services Directive is simulated by lowering the tax equivalent. We have calibrated the values of these tax equivalents in such a way that the elimination of the tax equivalent increases the bilateral FDI stocks by the numbers presented in the appendix ex ante. These numbers are derived by Kox et al. (2004) in their analysis of the Services Directive on bilateral services trade and FDI flows. The changes in the tax equivalents are presented in the first column of Table 6 .2. Table 6 .2 shows that the tax shock (or elimination of the tax) is absorbed for about 50% in lower prices for EU capital from other member states. The price of domestic capital decreases slightly for most NMS, but increases for most old member states. The relative large increases in the Netherlands and Portugal imply a higher average user cost of capital. For BelgiumLuxembourg, Denmark and Ireland the large price increase in domestic capital does not lead to higher average user costs of capital, because of the large share of foreign EU capital in these countries and the fact that the user costs of foreign EU capital decline.
The changes in the user costs of capital affect the demand for capital from the various home countries. Table 6 .3 shows that capital from other countries increases, but the share of domestic capital decreases. Proportionally the effects on domestic capital are much smaller than on foreign capital, but in absolute size the effects are comparable due to the modest role of foreign capital in total capital in commercial services. For Belgium-Luxembourg, the Netherlands, Denmark, Ireland and Portugal the relative decrease in domestic capital is larger. This reflects their capital outflow. Although on average the share of EU capital increases by 18.5% in the member states (domestic capital excluded), the total capital stock only increases by 0.3%. This is not surprising: savings are not affected 22 and thus, liberalising FDI only affects the distribution of the total capital stock between countries. Because capital in Europe becomes cheaper, capital from other, mainly OECD, countries is attracted to fulfil the extra demand for capital.
The variation in results over countries depends on the net capital inflows, the specialisation in commercial services and the share of foreign capital ownership. Table 6 .3 shows that the output of the commercial services sector decreases slightly in the Netherlands, Denmark, and
Portugal. For the other countries, the increase in capital stimulates an increase in the production of commercial services.
Changes in capital inputs correspond directly to changes in outputs, which are approximately one-third of the capital input changes. The highest increases in capital inputs are found in the NMS (New Member States), while capital contracts in the Netherlands and Portugal.
Column 2 in Table 6 .3 shows that the foreign capital inflows for commercial services have increased substantially (between 10 en 50 %). This corresponds to the bilateral increases in foreign capital found by Kox et al. (2004) presented in appendix B. This is not surprising because the tax shocks presented in Table 6 .2 are based on their results. Because the capital outflows are also increasing with roughly the same amount for most EU countries, the net capital stock will not change substantially. This small changes in the net inflows of FDI is a crucial determinant of our results. As was highlighted in Section 2, previous CGE models only found substantial welfare gains when there were positive FDI inflows.
22 explain that the change in the savings rate is an empirically estimated function with GDP growth and changes in the composition of the population as explanatory variables. From their empirical analysis it follows that the interest rate (or user cost of capital) has no significant statistical relation with changes in the savings rate. From the theory the effects of the interest rate on savings is ambiguous because of countervailing income and substitution effects. In our application, the main change is on the composition of capital ownership, with an increase of foreign capital and a decrease of the share of domestic capital. 23 The inflows and outflows of capital are determined exogenously and depend only on the scenario, i.e. lower or upper bound.
This additional output in commercial services will only partly be absorbed by the domestic market; the rest has to be exported, while the imports of commercial services will decline. EU producers set lower output prices for commercial services compared with the global market price to increase their foreign market shares.
The macro effects for the lower bound Services Directive can be found in Table 6 .4. The change in GDP is modest for all European countries, between −0.2 and 0.5. BelgiumLuxembourg, the Netherlands, Denmark, Ireland and Portugal face a small GDP loss because of a reduction in exports and capital outflow. Most of these countries are specialized in commercial services, measured in terms of relative exports (see Table 6 .1). The shift from exports to sales of foreign establishments could cause this effect. However, the GDP decrease in these countries is compensated by a rise in the returns to their FDI abroad, which increases national income and consumption. For most countries national income changes are not visible at the first digit level, and a few countries experience a very modest increase. Table 6 .5 shows the changes in GDP for three variations on the benchmark scenario: an upperbound scenario, an upper bound scenario in which the tax equivalents do not generate revenues, and a lower-bound scenario with productivity effects.
Alternative scenarios
The first scenario considers the upper bound scenario of the Services Directive, i.e. the maximum change in foreign capital due to this Directive. As for the benchmark scenario tax equivalents on intra-EU bilateral capital stocks are eliminated. In this scenario, the values of the tax equivalents are calibrated at a higher level than in the benchmark scenario such that the elimination of the tax equivalents mimics the FDI stock increases according to the upper bound.
Intra-EU FDI increases by 35% on average instead of 20% (see Kox et al., 2004) . The third and fourth column of Table 6 .5 present the GDP and national income effects, respectively. The effects are about twice as large as the effects of the lower bound scenario. However, even these effects are modest. The largest GDP gains are observed for the NMS, Austria, and France.
United Kingdom, Belgium-Luxembourg, the Netherlands, Denmark and Portugal face small GDP losses. The NMS and Belgium-Luxembourg experience the largest income gains. The second scenario considers the impediments to FDI flows to be of a kind iceberg cost type as is commonly modelled for trade flows; part of the foreign capital is lost (or becomes less efficient) as a result of the transfer from one region to other regions. The price of capital is raised with the same amount, keeping the value of the foreign capital flows constant. This scenario addresses a discussion issue in Section 4.4. In this formulation, the FDI barriers do not create rents for the host country. This alternative specification increases the GDP and national income somewhat compared to the benchmark (see column 5 and 6 of Table 6 .5), because costs for investing abroad are eliminated, without a loss of rent income. This specification of FDI liberalisation increases GDP gains, because extra inefficiencies are removed. In the taxspecification of FDI barriers, income is reduced due to lost rents. In the iceberg-specification the barriers do not generate income such that liberalisation does not imply an income loss. In particular, the larger EU countries seem to benefit from liberalising FDI in commercial services in this specification. For the EU as a whole the GDP gain is about 0.4% and the gain in national income is nearly the same. All member states raise their production and income. The largest gains are still for the NMS, Belgium-Luxembourg, Austria and France. For most of the countries facing GDP losses in the tax specification, GDP increases are modest. An exception is Belgium-Luxembourg, where there are relatively high GDP gains for this scenario. Although the barrier itself for inward EU capital was relatively low, the income loss was relatively large because of the high share of foreign EU capital in Belgium-Luxembourg. If the barriers do not create rents, the income loss vanishes by definition.
The third scenario considers the productivity effect of extra foreign capital on the productivity of the domestic firms using the specification in Section 5. These effects are substantially larger than in the previous scenarios. This is not surprising given the fact that gamma is 1.09 (equation 5.2) and the ratio of the foreign capital stock to the total capital stock in other commercial services is about 5%, resulting in a value for the elasticity of the foreign capital stock on productivity of 6.5%. This suggests that a FDI increase of about 20% would imply a value added increase of about 1.3% in other commercial services, resulting in a GDP increase of about 0.6%.
The country effects vary widely. First of all, the increase in the inward foreign capital stocks per country varies (as for all simulations). It is the largest for Austria, Finland, NMS, and some Mediterranean countries. Second, the share of inward foreign capital in commercial services varies (see Table 6 .1). As a result the elasticity of foreign capital to productivity differs per country (equation (5.2)). Finally, the increase in FDI exerts a downward pressure on the price for capital and production in commercial services. The size of this effect varies per country and leads to changes in the allocative efficiency of production.
It is obvious that the introduction of external effects in productivity due to extra foreign capital magnifies the economic effects of facilitating foreign services establishments in Europe.
The estimate of gamma is crucial here. As explained in Rojas-Romagosa (2006) , the value we have chosen is a rough estimate (and upper bound) of productivity effects of inward FDI based on Keller and Yeaple (2003) . Moreover, it is expected that this value varies between countries.
Therefore, these results point to the large potential gains associated with increases in productivity, but we are less sure about the precise numerical impact.
Conclusions
We have modelled FDI in WorldScan by introducing a capital stock in production composed of domestic and foreign (EU and non-EU) capital. In this way we avoided the complications of extra varieties based on capital ownership as in other CGE models. As a result we are able to distinguish more regions and sectors. We are convinced that the modelling fits best to the availability and quality of the data. However, the introduction of product varieties based on ownership as in other models could increase welfare by the love-of-variety effects.
In However, if foreign capital increases productivity, either because foreign establishments are directly more productive, or because they induce productivity spillovers to domestic firms, the economic effects of liberalising FDI increase substantially. The size of these productivity effects is uncertain. In most cases foreign affiliates are more productive than the domestic firms in the host country. Moreover extra competition and spillovers by inter industry linkages could increase productivity. The empirical literature suggests that these effects are country and sector specific and in particular good data on commercial services are lacking. In this paper we used the results from Keller and Yeaple (2003) . Then GDP and national income could increase by about 0.8% on average in the EU25 for the benchmark case.
Appendix A: Modelling the regional capital stocks
This appendix contains a description of the capital stock formation and its calibration.
Dynamics of capital formation
The capital stock of a region accumulates and this is by definition an inter-temporal process. In the region owning the capital stock, all savings are added in the form of investment goods and services to the depreciated capital stock of the current period: δ denoting the depreciation rate. In the next period, this new capital stock is allocated over the capital demanding sectors and regions and then used for production.
Calibration of the capital stocks
The calibration of the initial capital stocks is based on data for the capital-GDP ratio. The capital-GDP ratio is assumed to be a reliable statistic and can be derived from the OECD analytical database for OECD regions (2002), and is given for non-OECD regions by the DART-model (Springer, 1998) . 24 Using the usual unit price convention for the investment price I r p and the GDP price in the base year, the capital stock could be directly derived from the capital-GDP ratio (the macro GDP values are known from the GTAP database). However, in the WorldScan model it is more convenient to use the rate of return on capital. The information on the capital-GDP ratio is therefore translated into rate of returns, using data for the capital income share from GTAP (Dimanaran and McDougall, 2005) . First, the rate of return is expressed as the ratio of the capital reward 
